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 This investigation was designed for the use of species selection index (SSI) for bio-resource 
selection under access and benefit sharing mechanism. The bio-resources are being utilized by 
different industries for manufacturing various end products. Uttarakhand is known for its  
bio-resources having highly medicinal properties. But, these bio-resources are on the verge of 
extinction because of over-exploitation. These bio-resources are not being utilized in a  
sustainable manner. Access and Benefit-sharing is the mechanism by which a species would 
benefit both producer and traders apart from the conservation. Selection of the concerned 
species from the area to be considered for ABS mechanism is a tedious work. In this paper, an 
attempt has been made to solve this issue. The objective was to formulate a methodology for 
the selection of native species for ABS. A novel method (Species Selection Index) has been 
formulated for this purpose. Study was conducted at organization, industry and village level. 
Different species from Uttarkashi, Pauri and Haridwar of Uttarakhand has been analysed by 
this method and compared with each other. Positive and Negative criteria were considered for 
the selection and based on the result Terminalia chebula and Zanthoxylem armatum was  
suggested for ABS. Therefore, The SSI can be used in the selection of any bio-resources to be 
considered for ABS mechanism or for any other developmental project. More SSI value means 
more suitable species to be considered for project related activity. 
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INTRODUCTION 
 
Biodiversity does not confine to the species of forest area only 
but it also includes biodiversity of Agriculture, Horticulture, 
Fisheries, grasslands and others. India is named among the 17 
mega-diversity countries of the world having 2.4% of the world’s 
land area, supporting 7% of globally recorded species including 
45,000 plants and 91,000 animal species (ABSPP, 2017). The 
Ministry of Environment and Forest implemented the Confer-
ence of Parties decision of CBD and made the induction of  
Biological Diversity Act. The Biological Diversity Act, 2002 and 
Rules, 2004 was formulated by National Biodiversity of India u/s 
8 (Venkataraman, 2008) to facilitate ABS (Prathapan and Rajan, 
2011). Tully (2003) provided the detailed on technical and prac-
tical elements added by the Bonn Guidelines in Article 15 of the 
CBD. The biodiversity of different biological resources are being 
declined day by day, especially in the Himalayan region. The 
Himalayan region accounts for the good diversity of flora and 
fauna including medicinally important species (Khera et al., 
2001). So far about 8000 species of angiosperms, 44 species of 
gymnosperms and 600 species of pteridophytes have been  
reported in the Indian Himalaya (Singh and Hajra, 1996). The 
reason for the decline of such bio-resources could be both  
natural and anthropogenic factor. The natural factors are also 
directly related to the anthropogenic activities. The diversity of 
plants in an area is related to site attributes and human impacts 
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and varies accordingly (Parthasarathy and Karthikeyan, 1997). 
The anthropogenic activities are inversely related to the biodi-
versity of an area (Spangenberg, 2007). The loss of any  
bio-resource is also due to the unsustainable use or overexploi-
tation of such bio-resource. As per the ASI (1994) around 4635 
tribal communities are based on 7500 plant species in India. The 
local community is primarily based on medicinal plants of the 
nearby areas for the healthcare (Shankar and Majumdar, 1997; 
Venkataraman, 2008) as part of their Traditional Knowledge 
(TKs). The TKs associated with any village community are the 
Indigenous knowledge of that community. Though, the Indige-
nous peoples and local communities have an important role in 
the conservation and management of the local biodiversity 
(Mauro and Hardison, 2000). Based on such traditional 
knowledge associated with the bio-resource, different herbal 
industries are now established throughout India. Use of the  
traditional knowledge of any community for business purpose is 
being regulated by the government of India but its main aim is to 
conserve the right of the forest dwellers or local communities to 
which the TKs belongs. The uses of concerned bio-resources for 
manufacturing different end products are increasing every year 
(Kuniyal et al., 2013). As demand for medicinal plants is increas-
ing, the supply cannot be maintained due to the unavailability of 
the concerned bio-resources. The industrial demand for any bio-
resource is too high and thus it requires to feed lots of quintals 
of the bio-resource but the major source of obtaining those bio-
resources are forest only. As forest has natural ecological envi-
ronment balanced in its own way naturally (Thuiller, 2007). No 
one can rely on the collection of the bio-resources from the for-
est because it is being maintained by the forest department of 
the concerned range or division. But still, the industries are able 
to get some amount of bio-resources from the forest where it is 
available, legally or illegally. These results, stress on the forest 
biodiversity and species extinction started. Bioprospecting is 
somewhat similar to this as exploration of commercial genetic 
resource (Moran, 2000). Also, due to unavailability of such bio-
resources many industries were shut down. So, plantation of 
such bio-resources over an area is the alternative of the forest-
based collections. But to ensure that the bio-resources are  
being supplied on a continuous basis in a sustainable manner, 
the concept of Access and Benefit Sharing (ABS) came into  
existence after Nagoya Protocol (Anuradha,2000). ABS agree-
ments govern the access to these bio-resources and sharing of 
the benefits arising from their use between involved parties 
(Cock et al., 2010). ABS benefits are recognized as  
non-monetary as no royalty has been extracted from such 
agreement in many countries including Brazil (Davalos et al., 
2003). In Uttarakhand, around 107 industries have applied for 
the ABS for different bio-resources (UKSBB, 2017a). Also, First 
ABS Agreement signed between Uttarakhand Biodiversity 
Board and Habib Cosmetic Pvt. Ltd. (UKSBB, 2017b). ABS  
requires support from a wide range of stakeholders, such as 
government organizations, Non-Governmental Organizations 
(NGOs), Industries, local villagers (Siebenhüner and Suplie 
2005). The selection of the bio-resources for which the ABS has 
to be formulated are being selected on the basis of certain crite-
ria. (1) The first criterion is that it should not be a species of con-
cern i.e., Rare, Endangered or Threatened. (2) The species select-
ed should not be exotic. (3) and the species should not be on the 
list of Not Traded Commodity as decided by National Biodiversi-
ty Authority, Government of India (NBA, 2017). The present 
work is on the selection of bio-resources for ABS mechanism 
based on different criteria.  
 
MATERIALS AND METHODS 
 
The study was conducted in Uttarkashi, Pauri and Haridwar dis-
trict of Uttarakhand, India with the geographical area as 8016 km2 
(Census 2011a), 5329 km2 (Census 2011b) and 2360 km2 (Census 
2011c) respectively. A survey was conducted in the month of Sep-
tember-October, 2017 in all the three districts. At preliminary 
level, the literature survey was conducted with NFLIC (National 
Forest Library and Information Centre, Dehradun) and CBED 
(Centre for Business Entrepreneurial and Development,  
Dehradun). Various research organisations were also visited for 
the collection of secondary data related to the study area.  
Government departments and NGOs were also considered for 
the data collection. The forest divisions of all the three districts 
were visited for identification of the bio-resources available in the 
area and the working plan was also consulted. The study was  
conducted at three different level: Industry level, Organization 
level (Government/NGOs/Research) and Village level (Figure 1). 
The method followed for the study, at all the three-level included 
questionnaire-based survey and personal interviews (Sharma et 
al., 2016). At industries level, basic information about procure-
ment of raw materials to the manufacturing of the final product. 
Management policies at the different level of operations were 
also discussed with the officials of the concerned industry. Ques-
tions related to forest-based bio-resources, the collection proce-
dure, quantity, demand and supply mechanism, sharing of royalty 
or ABS information (if present), other associated cost, bi-products 
and its management and R&D related information were also 
asked during the meetings with industrial staffs. Based on such 
interactions, villages from where the raw materials (bio-
resources) are procured were selected. Similarly, the study at 
government level was conducted using the methodology followed 
for industries. The management plan, conservation strategies, the 
scientific approach adopted (if any) were discussed. Also, the 
working plan was reviewed for the collection of information on 
floral and faunal diversity. Jila Bheshaj Sangh (JBS) and UFDC 
(Uttarakhand Forest Development Corporation) at each district 
were visited for survey and data collections. Survey at village level 
was conducted using Participatory Rural Appraisal (PRA),  
Questionnaires and personal interviews. The BMC (Biodiversity 
Management Committee), Self Help Groups (SHGs), Mahila  
Mangal Dal (MMD) and Yuva Mangal Dal (YMD) were the target 
audience for the data collection at the village level. The data  
collected was further analysed by SPSS (16.0). The Boston  
Consulting Group (BCG) matrix was also analysed for the  
selection of the species under ABS mechanism.  
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RESULTS AND DISCUSSION 
 
Based upon the questionnaires, the results obtained was catego-
rised on the basis of six criteria namely, Availability, Price, Market 
availabilities, Traditional knowledge and diversified uses, Industri-
al demand, labour cost, Time-bound, Accessibility, Collateral dam-
age to regeneration, Storage issues. The mentioned characters are 
divided into two categories, Positive and Negative criteria.  
Description of the Species Selection Index (SSI) is as follows: 
 
Positive criteria 
Positive criteria of Species Selection Index (SSI) are related to 
the direct or indirect effect of any criterion on bio-resource. 
These criterions are based upon the questionnaires survey  
conducted in the study areas (Table 1). Higher the index value of 
any criteria signifies the suitability of the concerned  
bio-resource for ABS.  
 
Availability 
The availability of any bio-resources is one of the positive crite-
ria under SSI. The availability of any bio-resources in an area is 
termed as Availability in this context. Any bio-resources is said 
to be available in an area only if it is distributed throughout. 
Also, the concerned species should be in available in adequate 
quantity. This criterion is measured on the scale of 1 to 5 in posi-
tive quantity. The scale value of 1 denotes that the concerned 
bio-resource or species are very less available; 2 means the 
availability is less. Similarly, 3 and 4 values, denote medium and 
high availability of the bio-resource. The value 5 denotes very 
high availability of any bio-resource (Table 1). 
 
Price 
The price of any bio-resources is the market rate at which, it can 
be sold. If the market rate of any specific bio-resource is very 
high then we would assign it 5 as its index value. Similarly, if any 
species or bio-resource has a very low rate in the market then 
we would assign its index value as 1. In the case of bio-resource 
whose market rate is neither too high and nor too low then such 
species would be treated with index value as 3 (Table 1).  
 
Market availabilities 
Market availabilities are directly related to the bio-resource 
trade. If any specific bio-resource, available in the area is widely 
demanded by the different stakeholders (Traders). It is basically 
criterion of market demand and relative availability of the  
market. Any bio-resources consider for ABS should have the 
proper market to be sold. So, if the market is poorly available 
then the index value of that bio-resource would be 1 and if it has 
very high market demand then it would be assigned the index 
value of 5. The scenarios of any species in between index value 
of 1 and 5 would be considered for index value as 3 (Table 1).  
 
Traditional knowledge and diversified uses 
Traditional knowledge (TKs) is the indigenous knowledge of any 
community associated with any bio-resource. It includes the vari-
ous beliefs, faith, traditions and uses of any bio-resource in their 
religious or cultural activities. Diversified uses include the uses of 
any bio-resource other than its general uses. It could be the TKs 
of any community. The index value of 5 denotes that the  
concerned species have very wide range of uses in the different 
communities. If any specific species has not much-diversified use 
or TKs then it would have given the index value as 1 (Table 1).  
 
Industrial demand 
The industrial demand is also one of the criteria in SSI as the  
demand is a very important factor. Industrial demand is the  
demand of any important bio-resource by the industries for man-
ufacturing various end products. If the demand for any species 
would be high at the industrial level then the species would be 
more prioritize for cultivation among the local community. So, 
this way the species would be regenerated throughout the area. 
The value index of 1 and 5 denotes the very low and very high 
demand of any bio-resource by different industries (Table 1). 
 
Negative criteria  
Negative criteria of Species Selection Index (SSI) are related to the 
direct or indirect effect of any criterion on bio-resource. The index 
values of these criterions are taken in negatives (-ve) as they are 
the considered as a constraint in the bio-resources uses (Table 2). 
Less negative, the index value of any criteria signifies the more 
chance of selection of the concerned bio-resource for ABS. 
 
Labour cost 
Labour cost is considered as one of the major factors for the 
selection of any bio-resource. The extraction of some of the bio-
resources can only be possible by employing the labours. From 
Figure 1. Different level of study for data collection. 
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extraction to the final product, labour is required for the various 
purpose. The cost of extraction of any bio-resource is related to 
the availability of that species. The index for labour cost varied 
from –1 to -5 of which -1 denotes very low labour cost, while 
very high labour cost was denoted by -5 for concerned  
bio-resource (Table 2). 
 
Time-bound 
The time bound is a very important factor while selecting the bio
-resource for ABS mechanism. Time-bound is meant to be the 
availability of any bio-resource in the year. Few species are 
available 3 months in a year and few available throughout the 
year. So, the availability duration of any bio-resource in a year 
was taken as one of the factors for determining the SSI. If any 
species is available throughout the year, has been recommend-
ed -1 as its index value. Similarly, the index value of -5 denotes 
very seasonally (3 months or less) (Table 2).  
 
Accessibility 
Accessibility of any bio-resources to be collected from an area is 
also considered as one of the important factors in determining 
the SSI. Some species are available at higher altitudes or  
unreachable places. So, if one not able to harvest such  
bio-resources cannot be considered for ABS mechanism. If the 
harvesting of such bio-resources is very difficult, then the index 
value assigned would be -5. Also, if the same is easy then the 
index value given would be -1 (Table 2). 
 
Collateral damage to regeneration  
While collecting or harvesting the bio-resources, there is some 
negative impact on other plant individuals, considered under the 
collateral damage to regeneration. During the extraction of cer-
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tain bio-resource regeneration get uprooted, collapsed or dam-
aged and also, the seed get disturbed during its regeneration 
period. So, the collateral damage to regeneration is related to 
the type of bio-resource being extracted. If the extraction of any 
bio-resource has a large adverse impact on the other crops  
being regenerated then the index value assigned would be -5 
and if no collateral damage occurs to regeneration then the  
index value assigned would be -1 (Table 2). 
 
Storage issues 
The storage-related issue includes the problems faced during 
the storage of any bio-resource. Any bio-resource can be stored, 
either for short duration or long duration. The fruits of some bio
-resources contain a high amount of water, which tends to have 
the low storage properties. If any species found to have long 
duration storage properties was given its index value as -1 and if 
the storage is not possible for much time, have been assigned its 
index value as -5 (Table 2).  
 
Case studies of Species Selection Index (SSI)  
The information collected about the bio-resources from the 
three districts Haridwar, Uttarkashi and Pauri were analysed 
using SSI. Not all the species were taken into consideration but 
for the purpose of example, 10 bio-resources were selected. SSI 
is the advanced form of Force Field analysis (Thomas, 1985). 
The index value assigned to each character is given in Table 3.  
The Aegle marmelos is being used as important medicinal plant 
against the abdominal related disorders. The positive criteria, 
“Availability” for the A. marmelos was assigned with index value 
of 4 because throughout the selected district (Frequency 60-
80%), the species was found available. Also, the “Price” and 
“Market availabilities” are assigned with an index value of 3 and 
Table 1. Mechanism of crediting the positive criteria according to their degree. 
Criteria Range Index 
Availability: Frequency of the targeted species is  
calculated. (Phillips 1959) 
Frequency > 80% 5 
Frequency = 60-80% 4 
Frequency = 40-60% 3 
Frequency = 25-40% 2 
Frequency < 25% 1 
Price: Price at which the bio-resource is available to the 
primary consumers. 
Price > Rs. 400/kg 5 
Price = Rs. 200-400/kg 4 
Price = Rs. 100-200/kg 3 
Price = Rs. 50-100/kg 2 
Price < Rs. 50/kg 1 
Market availabilities: The distance from the point of  
collection to the nearest market available. 
Distance < 5 km 5 
Distance = 5-10 km 4 
Distance = 10-20 km 3 
Distance = 20-40 km 2 
Distance > 40 km 1 
Traditional knowledge and diversified uses: No. of  
different traditional knowledge associated to the targeted 
species. 
Traditional knowledge and uses >=4 5 
Traditional knowledge and uses = 3 4 
Traditional knowledge and uses = 2 3 
Traditional knowledge and uses = 1 2 
No Traditional knowledge 1 
Industrial demand: Percentage of bio-resource being sold 
from the Mandis to the industries. 
100% sold 5 
70-100% sold 4 
50-70% sold 3 
30-50% sold 2 
< 30% sold 1 
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4 respectively. The price for A. marmelos is neither too costly and 
nor too cheap (100-150/kg). Similarly, the market availability of 
the A. marmelos is in relatively good conditions (with 5-10 km of 
harvesting). The A. marmelos has the much traditional knowledge 
and diversified uses apart from the general use so the index value 
is 4. The Industrial demand for A. marmelos is also up to the mark 
(more than 50% of the stock sold) due to its highly medicinal 
property and thus the index value assigned is 3. The negative cri-
teria such as “Labour cost” is also not too much for the extraction 
of A. marmelos and is being available only at the certain time frame 
of the year (April-July) so “Labour cost” and “Time-bound” were 
assigned with an index value of -1 and -4, respectively. The 
“Accessibility” of the A. marmelos is also very easy and approacha-
ble. The “Collateral damage to regeneration” was also not much 
during the A. marmelos extraction (<4 plants/sampling unit). So, 
both “Collateral damage to regeneration” and “Accessibility” were 
assigned with an index value of -1. The A. marmelos has certain 
storage issue because of its pulpiness. The water in A. marmelos 
tends to make the A. marmelos more prone to attack by the various 
microorganisms. So, due to some moderate storage issue (can be 
stored for 7-10 days), it has been assigned the index value of -3. 
The index value of positive criteria was found highest for Saus-
surea costus, Aconitum heterophyllum and Zanthoxylum armatum 
due to the high price, market and traditional uses. Similarly, the 
index value for negative criteria was found the minimum for S. 
costus. Also, Terminalia chebula was observed with minimum index 
value in negative criteria suggest it almost equal to positive  
criteria (Figure 2).  
Table 2. Mechanism to credit the negative criteria according to their degree. 
Criteria Range Index 
Labour cost: Labour Cost associated with individual species is calculated per 
kg of extraction. 
Highest extreme value 
-5 
  > than median value but < Highest extreme value -4 
  Median Value -3 
  > than median value but < Highest extreme value -2 
  Lowest extreme value -1 
Time-bound: No. of months the specific bio-resource is available in a year. < 4 months -5 
  4 months -4 
  6 months -3 
  9 months -2 
  >9 months -1 
Accessibility: Time for extraction of 1 kg of the targeted bio-resource is 
calculated. 
1 kg. extracted @ > 8 hours 
-5 
  1 kg. extracted @ < 2 hours -4 
  1 kg. extracted @ 4-6 hours -3 
  1 kg. extracted @ 6-8 hours -2 
  1 kg. extracted @ 2-4 hours -1 
Collateral damage to regeneration: A 1x1 quadrat is laid at the spot of extrac-
tion and the damage to regeneration crops are calculated. 
Death of regenerating plant > 10 
-5 
  Death of regenerating plant = 8-10 -4 
  Death of regenerating plant = 6-8 -3 
  Death of regenerating plant = 4-6 -2 
  Death of regenerating plant < 4 -1 
Storage issues: Only air-drying storage mechanism is considered. No. of days stored > 15 days -5 
  No. of days stored = 10-15 days -4 
  No. of days stored = 7-10 days -3 
  No. of days stored = 3-7 days -2 
  No. of days stored < 3 days -1 
Figure 2. Total SSI index and indexes of positive and negative criteria of the bio-resources from Uttarakhand.  
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S. costus and Rhododendron sp. were given lowest index value in 
“Availability” (Table 3). As in Rhododendron sp. the flower cannot 
take place in sexual reproduction and next generation hardly  
regenerate. It is because of the plucking of the Rhododendron 
flower for squash preparation. The maximum index value of  
Quercus floribunda and Pinus roxburghii (index value 5). The price 
was found highest (index value 5) for S. costus and A. heterphyllum. 
The low price (index value 3) was found in A. marmelos, Ageratina 
adenophora, Q. floribunda and Murraya koengii due to the large 
production. The market availability of Z. armatum and S. costus 
was indexed as 5 because they can be sold in the very nearby 
market (less than 5 km). Other species with the index value as 3 
can be sold easily but the market is not nearby and they have to 
travel to a particular place or mandi to sell the produces.  
The Traditional knowledge and diversified uses of Z. armatum, S. 
costus and A. heterphyllum were found highest and so given the 
index value as 5 whereas, A. adenophora, Q. floribunda, Pinus  
roxburghii and Rhododendron sp. was an index with the lowest 
value as 3 in comparison to other species. The industrial demand 
of the T. chebula, Z. armatum, Saussurea costus and A. heterophyl-
lum was found highest and so assigned by the index value of 5. 
The A. adenophora and Q. floribunda were measured as the low-
est index (2) due to the less demand by the industries. In the 
case of negative criteria, the labour cost was noted minimum in 
A. marmelos, T. chebula and Rhododendron sp. whereas the  
maximum cost was observed for S. costus.  
A. marmelos and S. costus are very timely bound and available for 
less than 4 months. The accessibility was found the maximum  
(-1) in almost all the species except S. costus, A. heterophyllum, Q. 
floribunda and Rhododendron sp. which means that the above-
mentioned species are very hard to collect. The collateral dam-
age to the regeneration was minimum (-1) in A. marmelos, T. 
chebula, Z. armatum, A. adenophora and Rhododendron sp. but the 
maximum collateral damage was observed in the case of Quer-
cus floribunda and Pinus roxburghii (index value as -4) and thus 
the regeneration of other species including Q. leucotrichophora 
get affected because of extraction. The storage capability of A. 
marmelos and A. heterophyllum was observed highest as they can 
be stored for 7-10 days only. So, they are assigned with an index 
value of -3. In case of T. chebula, Z. armatum, P. roxburghii and 
Rhododendron sp., the storage capacity was found good.  
Finally, the species which receives maximum total SSI value 
should be selected for the ABS mechanism as a potential species 
to be considered for trade in a sustainable manner. So, T. chebula 
and Z. armatum are recommended for ABS potential species as 
they receive the highest SSI value of 14 (Table 3). Similarly, P. 
roxburghii and M. koengii was found with SSI value as 10 which is 
quite low, but in comparison to other species, they have good 
values of criteria. So, if we could supplement the positive criteria 
and control the negative criteria by making policies and plans 
then these two species can also be considered for ABS. The  
minimum SSI was observed in Q. floribunda (4) which means that 
this particular species should not be considered for any type of 
trade. The biodiversity of Uttarakhand should be conserved in the 
proper way by utilizing the bio-resources in a sustainable manner. 
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Conclusion 
 
One of the requirements for Access and Benefit Sharing of  
resources/medicinal plants is its availability. Other factors of 
concern are price, market and storage etc. All these factors 
could be looked upon by a single methodology that is the  
Species Selection Index (SSI). This is a method in which useful 
criterions are selected, given weightage and based on highest 
weightage species are selected. In the present study also, the 
methodology helped in identification of ten medicinal plant  
species in Uttarakhand which could be used for access and  
benefit sharing. There could be some positive factor or criteria 
which can enhance the chances of any species to be considered 
for trade. These criteria on broad sense are Availability 
(assessed by measuring the frequency of the individual  
bio-resource), Price (the rate of concerned bio-resources,  
available to the primary consumer), Market availability 
(availability of the nearby market to sell the concerned  
bio-resource), Traditional knowledge and diversified uses (the 
use of any bio-resources other than the principal/general use) 
and Industrial demand (assessed by the bio-resources being able 
to sold). Similarly, there is some negative criteria also which 
leads to the rejection of any bio-resource to be considered for 
trade under ABS mechanism. The negative criteria were  
accessed in broad way as Labour cost (the cost of extraction of 
any bio-resource/kg), Time-bound (the time of availability of any 
bio-resources in a year), Accessibility (accessed by taking the 
time of extraction of each kilogram of the concerned  
bio-resource), Collateral damage to regeneration (the damage 
caused to other regeneration while collection of the specific  
bio-resource) and Storage issue (No. of days the concerned  
bio-resource can be stored for use). These positive and negative 
criteria were added together on the basis of index value given to 
each character (based upon the bio-resources characteristics) 
and combined index value formed. These combined index value 
is termed as Species Selection Index (SSI). The SSI can be used in 
the selection of any bio-resources to be considered for ABS 
mechanism or for any other developmental project. More SSI 
value means more suitable species to be considered for project 
related activity. 
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